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Abstract: 
Exhaled air contains non-volatile particulate material from the respiratory tract. The precise location 
in which exhaled particles are formed is unknown, and details on their chemical content are scarce. 
The aim of this work was to chemically characterize and to study the mechanisms of formation of 
endogenous particles in exhaled air. 
A new instrument for counting and sampling particles in exhaled air by impaction was developed, as a 
part of this thesis, at the Department of Public Health and Community Medicine, Occupational 
and Environmental Medicine in collaboration with the Department of Chemistry, Atmospheric 
Science at the University of Gothenburg. In the first instance, exhaled particles were analyzed using 
time-of-flight secondary ion mass spectrometry (TOF-SIMS), which is a very sensitive technique for 
surface analysis. This method was also used to compare the composition of particles in exhaled air 
from subjects with asthma to that in healthy controls. Second, a method for the quantitative 
determination of glutathione was developed and applied in the analysis of exhaled particles and 
exhaled breath condensate. In parallel to chemical analysis, the hypothesis that particles are formed 
during the reopening of closed airways was tested by measuring particle number concentrations in the 
air exhaled by healthy volunteers performing different breathing maneuvers. 
This is the first study involving chemical analysis of particles in exhaled air. TOF-SIMS analysis 
revealed that exhaled particles contain several phospholipids (phosphatidylcholine, 
phosphatidylglycerol and phosphatidylinositol). These lipids are characteristic of the pulmonary 
surfactant which is present in the respiratory tract lining fluid (RTLF) that covers the epithelium in the 
alveoli and the airways. Using this method, it was found that the TOF-SIMS spectra of the particles 
exhaled by healthy subjects differed from those of the particles exhaled by subjects with asthma. 
These differences were attributed to differences in the abundance of phosphatidylcholine and 
phosphatidylglycerol between the two groups. By using the newly-developed method for glutathione 
analysis, it was possible to demonstrate the presence of glutathione in exhaled particles for the first 
time. The method was used to compare glutathione levels in exhaled particles to those in exhaled 
breath condensate; it was found that analysis of particles was more revealing in terms of the levels of 
glutathione in exhaled air. Studies of particle formation showed that deep exhalations to residual 
volume (RV) caused significantly higher concentrations of particles in the subsequent exhalation than 
did exhalations to functional residual capacity (FRC).This supports the theory that film rupture during 
airway reopening after airway closure is an important mechanism of particle formation.  
The results of these studies show that particles in exhaled air can be sampled by impaction, that 
surfactant phospholipids and glutathione are part of their chemical composition, and that they are 
largely formed in the peripheral airways, where airway closure takes place. 
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